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DIBOSON PRODUCTION AT THE TEVATRON

L.J. NODULMAN

HEP Division, Argonne National Lab., 9700 S. Cass Ave, Argonne, IL 60439, USA

For the CDF and D0 Collaborations

The CDF and DO dctectors at the Tevatron Collider are being used to measure WW, W2 and ZZ production
as well as W+ and Zv production in order to study Trilinear Gauge Couplings. Improved limits on nonstandard
coupling parameters are given and prospects for further improvement are discussed.

1 Introduction

1.1 Motivation and Notation

Deviations from the minimal standard model may
becomne apparent in the coupling of a W boson to a
v or Z. Assuming CP conservation, this coupling
is described by the Lagrangiant

tlwwy =
gwwy 5t (WL, WHVY - WiV, W)
+ry Wi, vev

+(dv fmi )WL WEVAL (1)

where V means v or Z. The factor gww i8 e,
gwwz is e x cot(fw ) and g¢] is 1. In the standard
model, the coupling g% is 1, Xy aud Kz are i, and
Ay and Az are 0. The classical moments of the W
are given by

pw = e/2Mw (1 + x + A) (2)

Cw = —e/2Miy, (x - A). {3)
Nonstandard couplings increase cross section at
Ligh Ez. To prevent impiicit violation of uni-
tarity, deviatiens from standard model couplings
are taken with a form factor A1 so0, eg., Ax is
(e —1)/(1 + 3/A%;)?®. The new physics causing
the nonstandard coupling gives the scale of Arp.
The equivalent CP violating couplings, like the CP
conserving ones, tend to increase high Er cross
zeziion.

Note that some analyses use assumptions
which may or may not be reasonable to reduce
the number of parameters. CP conservation gives
five parameters. Assuming that y and Z couplings
are the same gets down to three parameters. The
HISZ assumptions® leave two parameters. Rea-
sonable assumptions about the new physics caus-
ing the non standard couplings predict values less

than 0.052 less than Tevatron or even LEP2 will be
probing. Limits on individual parameters assume
that the others are at standard model values.

1.2 Measurements

The Tevatron run of 1992/93, denoted “la,” pro-
duced data samples of about 20 pb~! for CDF
and 14 pb~? for D0. In 1994/95 each detector col-
lected about 90 pb~!, denoted “1b,” and an ad-
ditional smail sample in 1995/96 is denoted “1c.”
The results presented are updates of earlier anal-
yses. Production of pairs of IVBs (W or Z) are
dencted as leptonic if both IVBs decay to electron
or rouon and semileptonic if one decays to electron
or muon and the other to hadrons (jet pair).

Production of photons accompanying Ws has
been used to study these couplings and production
of photons accompanying Zs studies similar but
differenily defined nonstandard coupiings for Zs?
Similar to the W case an excess of events at high
Er would signal nonstandard coupling.

2 Leptonic IVB Pairs

Electron or muon decays of both IVBs should pro-
vide a clean enough signature so that with suffi-
cient statistics a signal for pairs can be isolated.
The DO analysis of la data found 1 WW candi-
date with about half an event of background and
half an event signal expected® Assuming v and 2
couplings the same, this gives —2.6 < Ak < 2.5
and -2.2 € XA < 2.2 at 95% CL for App = 0.9
TeV.

CDF¢ for the 108 pb~! for run 1, has found
five leptonic WW candidates, 3 ey, 2 ee and no
ps, where expectation is roughly 2:1:1. Cutting
against jets in the events eliminates background
from top. The remaining background is 0.4 + 0.2
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Figure 1: CDF four muon Z2Z candidate. Three muons are

identified by track stubs in chambers behind the central

calorimeter (CMU) and two of these are further identified

by stubs behind steel walls (CMP). The fourth muon candi-

date is a track exiting the tracker endplate, identified only
by tracking and the calorimeter.

events from Drell Yan, 0.4+ 0.2 from fake leptons,
0.240.1from Z — vr, and 0.1 from W Z for a total
background expectation of 1.2 + 0.3 events. The
cross section for W pair production in pp collisions
at 1.8 TeV is measured to be 10.2353 + 1.6 pb,
where the systematic error is from luminosity and
acceptance. This agrees well with the NLO QCD
predicted cross section of 9.5 pb’ The parameter
limits, as above, are —1.1 < Ax < 1.3 and -0.8 <
Ax < 0.9 for App = 1 TeV. Both sets of limits
use only the cross section and not Er information
from the leptons.

CDF has one three electron WZ candidate
with 0.6 events expected for run 1, and in the lc
data a four muon ZZ candidate was found with
about 0.1 expected. The ZZ candidate is shown
in Fig. 1. Such events in LHC detectors should be
both interesting and commeon.

3 Semileptonic IVB Pairs

The background from W plus jets makes it diffi-
cult to isolate a signal for IVB pajrs when one of
the IVBs is reconstructed as a jet pair, but non-
standard couplings tend to populate production
at high IVB pr where W plus jets background is
much reduced.

DO has analyzed the 1a sample® CDF has ex-
tended the la analysi€ to the full 110 pb~!. D0
uses jet cone radius of 0.3 in n¢ space to give
good acceptance for jet pairs out to pr(W) of 350
GeV/c while CDF uses 0.4 and acceptance falls off
above about 300 GeV/c. DO uses electronic Ws
with a 25 GeV threshold on leptons while CDF
uses both electrons and muons and both Ws and
Zs with 20 GeV leptonic thresholds. The hadronic
IVB is selected with a mass window of 50-110 or
60-110 GeV/c? for DO and CDF.

CDF sets its limits by cutting to pr(IVB)>
200 GeV/c which should eliminate W plus jets
background. No events are found. D0.makes up
somewhat for what should be a factor 16 less ex-
posure by doing a detailed background calculation
and fitting the pp(W) spectrum to background
plus nonstandard production. The semileptonic
IVB pair channel is quite good for sensitivity to
all parameters and the limits are given it Table 1.
These limits could be combined between experi-
ments and also for different channels, as D0 has
done for 1a analyses, but a start would be to eval-
uate the limits using the same App.

4 W+ Production

The la analyses for both collaborations have
been published!?® CDF has no update to the 67
pb~! sample shown last summer!! These use cen-
tral e, 4 and v, |n| < 1 with a ¥ Ep threshold of 7
GeV. DO has added 75 pb~?! of 1b data to the 1a
analysis. Thresholds of 25 GeV are used for elec-
tron Ws with the electron in the range |n| < 1.1
or 1.5 < |n| < 1.5. For muon Ws the thresholds
are 15 GeV and the muon must be within |7| < 1.
The n range for the photon is the same as for elec-
trons and the E7 threshold is 10 GeV. For electron
events, the v candidate must have no tracker hits
associated. In both cases the photon is required to
be separated from the lepton by at least 0.7 in n¢é
space (AR). This 75 pb~! 1b sample is compared
to the CDF sample in Table 2.



Table 1: IVB semileptonic (jet pair) analysis lower and
upper bounds at 95% CL with all other couplings fixed as
standard. CDF bounds are preliminary. App is in TeV.

Coupling limits Apr | Exp.
PH 0.09,2.05 | 1.0 | CDF

0.39, 1.68 2 CDF

Axy -2.8,3.3 1 DO
Ay -2.5,2.5 1 Do

-1.7,1.7 | 1. | CDF

Arz -095,1.01| 1. | CDF
-1.1, 1.3 1.5 DO

-0.58,0.68 | 2 CDF

Az -0.60,0.58 | 1. | CDF
-0.7,0.7 1.5 Do

-0.37,0.40 | 2 CDF

AKxy=z -0.67,0.85 | 1. | CDF
-0.9, 1.1 1.5 DO

-0.49,0.54 | 2 CDF

Ay=z -0.51,0.51| 1. | CDF
-0.6, 0.7 1.5 DO

-0.35, 0.32 . | CDF

Ax, (HISZ) | -0.83,1.02 | 1. | CDF
-1.0,1.3 1.5 DO

-0.61,0.67 | 2. | CDF

A, (HISZ) | -0.51,0.52| 1. | CDF
-0.6,0.7 1.5 DO

-0.34,0.33 | 2. | CDF

Table 2: DO 1b 75 pb~! W+ sample compared to the CDF
67 pb~! sample shown last summer.

D0lbe | DOibyu | CDFe, u
Events 46 58 109
Backg. | 13.2+£2.3 | 23.0+4.6 | 26.4+26
ofosa | 0.90733% | 1.09703% | 1.11+0.24

Table 3: DO 1b 89 pb—! Z~ semple for standard and tight
selection compared to the CDF 67 pb~! sample shown last

summer.
DO Stand. | DO Tight CDF
Events 21 14 31
Backg. 40+12 | 1.6+05 | 1.4+0.2
SM 16.7+1.7 |1121+1.2 | 249+ 1.7
Expected | 20.7+2.1 | 13.7+1.3 | 27.7%£ 1.7
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Figure 2: DO photon Er spectrum for the preliminary com-
bined 1a-1b W4 analysis showing background, SM expec-
tation and data.

DO obtains coupling limits by combining the
1b sample with the their 1a sample for a combined
89 pb~! analysis. The photon Er spectrum is
shown in Fig. 2. The individual preliminary limits
are —0.97 < Axy < 0.99 and -0.33 < Ay < 0.31
and the two are shown correlated in Fig. 3, which
also shows a CLEO limit from b — sy1?

5 Zv Production

Both la analyses have been published® and CDF
has not updated the 67 pb~?! shown last summer!!
DO has a new analysis of 89 pb~! of 1b data in the
electron mode. The selection is similar to that for
electron W+v. Three events appear with photon
Ep between 70 and 90 GeV so a tighter selection
on tracker hits was tried. These two selections are
compared to the CDF sample in Table 3. The
tighter selection keeps 2/3 of the events and 2 of
the 3 events between 70 and 90 GeV. The CDF
highest Er photons are at 39 and 64 GeV but
there is an event not yet included at 182 GeV.

The new DO preliminary limits (95% CL) are
18 < h% < 1.8, —0.38 < h%, < 0.38, -18 <
h)s < 1.9 and —0.38 < h]; < 0.38. These are
not much different from the D0 la analysis or the
CDF analysis.
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Figure 3: DO and CDF coupling limits from preliminary
combined 1a-1b W+ analyses.

8 Outlook

The production of W+ and of pairs of IVBs in 1.8
TeV pp collisions seems to be well described by
the standard model. Coupling parameter limits
are typically in the range of a few tenths.

The Tevatron Collider will be off for several
years for fixed target running and upgrades to the
injector and the detectors. For the immediate fu-
ture we need to consider what more information
there is in the existing data. In general, a factor
of 10 in luminosity should improve a given limit
by a factor of 2.

In the W+ and Z7 analyses, more than a fac-
tor of 2 in luminosity is available as both colabora-
tions complete the analysis of the full datasets and
the results are combined between experimets. The
W+ charge asymmetry and radiation zero analyses
need to be completed. In Zv the neutrino decays
of the Z can be used.

For semileptonic IVB pair production, in ef-
fect a factor of 4 in luminosity is available as D0
analyzes 1b, the CDF analysis becomes more so-
phisticated and the two results are combined.

During the Tevatron Collider hiatus the LEP2
program should measure enough IVB pairs to set
coupling parameter limits of order 0.1. Eventually
the Tevatron Collider program will resume and

samples of about 2 fb~! per experiment are ex-
pected by perhaps 2002. At that point Tevatron
results should again be competitive. Studies at
LHC or perhaps a linear collider-may: be needed
to become sensitive to parameter regions of spe-
cific interesting new physics reach.

I am grateful to the Tevatron Collider staff,
both collaborations and particularly D. Wood,
T. Yasuda, D. Errede and Y. K. Kim.
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